(19) 



J 




(12) 



Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets (1 1 ) E P 0 730 037 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

04.09.1996 Bulletin 1996/36 

(21) Application number: 96102861.0 

(22) Date of filing: 26.02.1996 



(51) Int. CI. 6 : C12Q1/26, C12Q 1/54, 
C12Q1/34, G01N 27/327 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 28.02.1995 JP 40157/95 
30.03.1995 JP 72585/95 

(71) Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 
CO., LTD. 

Kadoma-shi, Osaka 571 (JP) 



(72) Inventors: 

• Yoshioka, Toshlhiko 
Osaka-shl, Osaka (JP) 

• Ikeda, Shin 
Katano-shl, Osaka (JP) 

• Nankal, Shlro 
Hirakata-shl, Osaka (JP) 

(74) Representative: Kflgele, Bernhard et al 
NOVAPAT-CABINET CHEREAU, 
9, Rue du Valais 
1202 Gendve (CH) 



(54) Biosensor 

(57) The biosensor of this invention includes an 
electrically insulating substrate; an electrode system 
formed on the substrate which includes a working elec- 
trode and a counter electrode: and a reaction layer 
formed on the substrate or above the substrate with a 
space therebetween. The reaction layer includes a 
pyranose-oxidizing enzyme. 
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Description 

RA CKGROUND OF THE INVE NTION 

1. Field of the Invention: 

The present invention relates to a biosensor for 
quantitating a substrate (specific component) contained 
in a sample liquid such as whole Wood, plasma, serum, 
urine, fruit juice and the like, with accuracy, speed and 
ease. More particularly, the invention relates to a glu- 
cose sensor for electrochemically measuring a concen- 
tration of glucose included in a sample liquid by reacting 
the glucose with an oxidoreductase which can react 
with specificity to the glucose. 

2. Description of the Related Art: 



Various methods such as an optical rotation 
method, a colorimetric method, a reductimetry method 
and other methods which use different kinds of chroma- 
tographies have been developed as methods for the 
quantitative analysis of a saccharide such as sucrose 
and glucose. However, none of these methods has suf- 
ficiently high accuracy because the specificity thereof 
against saccharides is not very high. Among these 
methods, the optical rotation method can be easily con- 
ducted but is known to be significantly influenced by the 
operating temperature. 

Recently, various types of biosensors have been 
developed which can easily quantitate a specific com- 
ponent (substrate) in a sample liquid such as a biologi- 
cal sample and food without diluting and stirring the 
sample liquid. 

For example. Japanese Laid-Open Patent Publica- 
tion No. 3-202764 discloses a biosensor comprising an 
electrode system formed on an insulating substrate by 
screen printing or the like and a reaction layer formed on 
the electrode system and including a hydrophilic poly- 
mer, an oxidoreductase, and an electron acceptor. The 
concentration of a substrate in a sample liquid is meas- 
ured by using this biosensor as follows. First, the sam- 
ple liquid is dropped on the reaction layer of the 
biosensor, so as to dissolve the reaction layer. This 
causes an enzyme reaction between the substrate in 
the sample liquid and the oxidoreductase in the reaction 
layer, and then, the electron acceptor in the reaction 
layer is reduced. After the completion of the enzyme 
reaction, the reduced electron acceptor is electrochem- 
ically oxidized, thereby measuring the concentration of 
the substrate in the sample liquid based on an oxidation 
current value obtained in this oxidation. 

U.S. Patent No. 5,192,415 discloses a biosensor 
comprising a hydrogen ion concentration control layer 
which can optimize the pH of the sample liquid depend- 
ing upon the type of oxidoreductase contained in a reac- 
tion layer without previously adjusting the pH of a 
sample liquid. 



US. Patent No. 5,264,103 discloses a biosensor 
comprising a main electrode system formed on an elec- 
trically insulating substrate and including a working 
electrode and a counter electrode; a reaction layer 
5 including an oxidoreductase; and a sub electrode layer 
provided with an interval from the main electrode sys- 
tem and including a working electrode and a counter 
electrode. 

These biosensors can be used in a wide range of 
10 applications, for example as, a glucose sensor, an alco- 
hol sensor, a cholesterol sensor, or an amino acid sen- 
sor by appropriately selecting an oxidoreductase to be 
contained in the reaction layer. 

Among these biosensors, a glucose sensor is gen- 
is erally known to include glucose oxidase as the oxidore- 
ductase. Such a glucose sensor has, however, the 
following problem. Among isomers of glucose, glucose 
oxidase reacts to p-glucose alone which exists at a pro- 
portion of 63% in the equilibrium state. Therefore, a 
20 response current value (i.e.. detection sensitivity) 
obtained by such a glucose sensor is so small that 
measurement error is large, for example, in quantitating 
an extremely small amount of glucose. 

In addition, when this glucose sensor is used to 
25 quantitate polysaccharides, most of the glucose pro- 
duced by a hydrolase is a-glucose, and hence, an addi- 
tional procedure is required, before the quantitation, for 
isomerizing a-glucose produced through the hydrolysis 
into p-glucose by using a mutarotase. 
30 Japanese Patent Application No. 6-291401 (unpub- 
lished) relates to a biosensor including both mutarotase 
and glucose oxidase. In this biosensor, however, the 
detection sensitivity cannot be sufficiently improved 
when the total amount of these enzymes is small, and 
35 the production cost is increased when the total amount 
of the enzymes is large. Furthermore, when the concen- 
tration of a substrate in a sample liquid is comparatively 
high, the biosensor including mutarotase and glucose 
oxidase has lower detection sensitivity as compared 
40 with a biosensor excluding mutarotase. 



gyMMABV nt= ™ g INVENTION 

The biosensor of the present invention comprises 
45 an electrically insulating substrate; an electrode system 
formed on the substrate which includes a working elec- 
trode and a counter electrode; and a reaction layer 
formed on the substrate or above the substrate with a 
space therebetween. The reaction layer includes a 
so pyranose-oxidizing enzyme. 

In one embodiment, the pyranose-oxidizing 
enzyme is pyranose oxidase (EC1 .1 .3-10). 

In another embodiment, the reaction layer further 
includes glucose oxidase (EC1 . 1 .3.4). 
55 In still another embodiment, the reaction layer fur- 
ther includes an electron acceptor. 

In still another embodiment, the electron acceptor is 
a ferricyanide ion. 
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In still another embodiment, the reaction layer fur- 
ther includes polysaccharide hydrolase. 

In still another embodiment, the polysaccharide 
hydrolase is one selected from the group consisting of 
sucrose hydrolase, maltose hydrolase, and lactose 5 
hydrolase. 

In one embodiment, the content of the pyranose- 
oxidizing enzyme is 1 to about 200 units per 1 cm 2 of 
the reaction layer. 

In still another embodiment the content of the 10 
pyranose-oxidizing enzyme is about 0.1 to about 200 
units per 1 cm 2 of the reaction layer. 

In still another embodiment, the contents of the 
pyranose-oxidizing enzyme and the ferricyanide ion are 
1 to about 200 units and about 0.21 mg to about 3.30 15 
mg, respectively per 1 cm 2 of the reaction layer. 

In still another embodiment, the contents of the 
pyranose-oxidizing enzyme, the glucose oxidase and 
the ferricyanide ion are about 0.1 to about 200 units, 1 
to about 200 units, and about 0.21 mg to about 3.30 mg, 20 
respectively per 1 cm 2 of the reaction layer. 

In one embodiment the biosensor is used for 
measuring a blood glucose level. 

Alternatively, the biosensor of the present invention, 
for quantitating a substrate included in a sample liquid 25 
by reducing an electron acceptor with an electron gen- 
erated through an enzyme reaction of the substrate and 
electrochemically measuring an amount of a reduced 
form of the electron acceptor, comprises an electrically 
insulating substrate; an electrode system formed on the 30 
substrate and including a working electrode and a coun- 
ter electrode; and a reaction layer formed on the sub- 
strate or above the substrate with a space 
therebetween. The reaction layer includes a pyranose- 
oxidizing enzyme and the electron acceptor. 35 

In one embodiment, the reaction layer further 
includes glucose oxidase (EC1. 1.3.4). 

In another embodiment the biosensor is a glucose 
sensor. 

In still another embodiment the biosensor is used 40 
for measuring a Wood glucose level. 

Thus, the invention described herein makes possi- 
ble the advantages of (1) providing a biosensor which 
can measure the concentration of a substrate in a sam- 
ple liquid with accuracy and speed by simultaneously 45 
detecting a-glucose and p-glucose; (2) providing a bio- 
sensor which can easily measure the concentration of a 
substrate in a sample liquid including polysaccharide; 
and (3) providing a biosensor which can be manufac- 
tured at a low cost. 

These and other advantages of the present inven- 
tion will become apparent to those skilled in the art upon 
reading and understanding the following detailed 
description with reference to the accompanying figures. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic plane view of a biosensor 
as an example of the invention in which a reaction 
layer is omitted; 

Figure 2 is a schematic sectional view of a biosen- 
sor as an example of the invention in which a reac- 
tion layer is directly disposed on a substrate; 

Figure 3 is a schematic sectional view of a biosen- 
sor as another example of the invention in which a 
reaction layer is disposed above a substrate with a 
space therebetween; 

Figure 4 is a graph showing the relationship 
between the concentration of glucose and a 
response current value obtained by biosensors 
according to an example and comparative exam- 
ples of the invention; wherein a curve (a) shows the 
change of a response current value obtained by 
using a reaction layer including pyranose oxidase 
(hereinafter referred to as PyOx) and glucose oxi- 
dase (hereinafter referred to as GOD), a curve (b) 
shows the change of a response current value 
obtained by using a reaction layer including GOD 
alone, and a curve (c) shows the change of a 
response current value obtained by using a reac- 
tion layer including PyOx alone; and 

Figure 5 is a graph showing the relationship 
between the concentration of Wood glucose and a 
response current value obtained by glucose sen- 
sors according to an example and comparative 
examples of the invention; wherein a curve (a) 
shows the change of a response current value 
obtained by using a reaction layer including PyOx 
and GOD, a curve (b) shows the change of a 
response current value obtained by using a reac- 
tion layer including GOD alone as an oxidoreduct- 
ase, and a curve (c) shows the change of a 
response current value obtained by using a reac- 
tion layer including PyOx alone. 

DESCRIPTION OF PREFERRFD EMBODIMENTS 

A biosensor of this invention comprises an electri- 
cally insulating substrate, an electrode system formed 
on the substrate which includes a working electrode and 
a counter electrode, and a reaction layer formed either 
on the substrate or above the substrate with a space 
therebetween. 

The electrically insulating substrate is made from a 
plate of a synthetic resin such as polyethylene tereph- 
55 thalate. polyethylene, polyester, polypropylene, polysty- 
rene, and polyvinyl chloride. 

The electrode system including the working elec- 
trode and the counter electrode can be formed on the 
substrate by a known method. For example, after form- 
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ing leads on the substrate, the working electrode and 
the counter electrode are formed so as to be connected 
to the respective leads and be insulated from each 
other The materials for the leads and the electrodes 
can be any of known conductive materials such as car- 
bon silver, platinum, gold, and palladium. 

'■The reaction layer used in the present biosensor 
includes a pyranose-oxidizing enzyme .which can 
simultaneously oxidize both a-glucose and p-glucose. 
An example of such a pyranose-oxidizing enzyme 
includes pyranose oxidase (EC1.1.3.10; PyOx). 

The content of PyOx in the reaction layer of the 
present biosensor is preferably 1 to about 200 units, and 
more preferably about 2 to about 50 units per 1 cm of 
the reaction layer. The term "unit" herein refers to the 
amount of an oxktoreductase necessary for MtaMB |1 
umol of glucose or polysaccharide in one minute. When 
the content of PyOx is smaller than 1 unit per 1 crrr- erf 
the reaction layer, an additional time of several minutes 
or more is required for the measurement. In add-on, 
due to evaporation of a sample liquid dunng the addi- 
tional time, the response current value can be affected 
A content of PyOx exceeding about 200 units per 1 cm< 
of the reaction layer not only increases the production 
cost but also causes fluctuation in response current val- 
ues because the reaction layer can be broken dunng the 

formation thereof. 

The reaction layer can include glucose oxdase 
(EC1 1 3 4- GOD), in addition to the pyranose-oxidizing 
enzyme, in order to further improve the detection sensi- 
tivity against glucose in a sample liquid and to enable 
the glucose sensor to response to a wider <angeo**>- 
cose concentration. The content of GOD ,s P^eraWyi 
to about 200 units per 1 cm 2 of the reaction layer When 
GOD is used together with PyOx. the content of PyOx is 
preferably about 0.1 to about 200 unite, and more pr* 
erably about 0.2 to about 40 units per 1 cm 2 of the reac- 

tl0n ThT reaction layer can further include various 
hydrophilic polymers. Examples of such hydrophilic pol- 
ymer include carboxy methyl cellulose (hereinafter 
referred to as CMC), hydroxyethyl cellulose (HEC). 
hydroxypropyl cellulose (HPC). methyl cellulose, ethyl 
cellulS.1thy1 hydroxyethyl cellulose, camoxymethyl 
ethyl cellulose, polyvinyl pyrrolktone. polyvinyl alcohol, 
polyamino acids such as polylysine. polystyreneailfonic 
acid gelatin or its derivatives, acrylic acid or its salts, 
methacrylic acid or its salts, starch or its derwatives 
and maleic anhydride or its salt. In particular. CMC is 

Pr ^When a sample liquid including glucose is supplied 
to the reaction layer of the present biosensor, a-glucose 
and p-glucose in the sample liquid are respect^ oxi- 
dized by the pyranose-oxidizing enzyme. Simultane- 
ously, dissolved oxygen in the sample liquid is reduced 
into hydrogen peroxide. When a voltage » appl-ed at 
this point, the hydrogen peroxide is oxidized. A 
response current generated in this oxidation is in pro- 
portion to the concentration of the hydrogen peroxide, 



i e the concentration of the substrate in the sample liq- 
uid' Thus, the concentration of the substrate in the sam- 
ple liquid can be obtained by measuring the response 
current value. 

5 In the present biosensor, the reaction layer can 
include an electron acceptor so as to form a reduced 
form of the electron acceptor simultaneously with the 
enzyme reaction, in stead of producing hydrogen perox- 
ide simultaneously with the oxidation reaction of the 
,o substrate. Examples of the electron acceptor include a 
ferricyanide ion. p-benzoquinone <* its delves, 
phenazine methosuHate. Methylene Blue, and fenocene 
or its derivative. One or more of the electron acceptor 
can be used. In particular, a ferricyanide ion is pre- 

^^e content of the ferricyanide ion is preferably 
about 0.21 to about 3.30 mg, and more preferably about 
0 30 to about 2.59 mg per 1 cm 2 of the reaction layer 
When the content of the ferricyanide ion is smaller than 
20 about 0.21 mg per 1 cm 2 of the reaction layer, the meas- 
urable range of the glucose concentration can be 
extremely small. When the content of the ferncyanrie 
S excels about 3.30 mg per 1 cm 2 of the reaction 
layer, fluctuation of response current values can be 
25 caused because the reaction layer can be broken during 

can be degraded while it is stored. 

The reaction layer used in the present biosensor 
can further include a polysaccharide hydrolase for 
30 hydrolyzing a polysaccharide to produce '^J**** 
The polysaccharide hydrolase is an enzyme capable of 
hvdrolyzing a polysaccharide such as sucrose and mal- 
Sliw Examplesof such polysaccha- 
ride hydrolase include sucrose hydrolase such as 
ss nverSe (hereinafter referred to as INV), maltose 
nSse uch as maftase.and lactose hydrolase such 
as p-galactoskfase. The content of the polysaochande 
hydrolase is preferably 1 to about 400 unrts. and more 
preferably about 2 to about 200 units per 1 cm of the 

40 ^Son method for the present biosensor will 
now be described referring to Figures land 2. 

First, a conductive material such as silver paste is 
printed on an electrically insulating substrate 1 by 
« Screen printing, thereby forming leads 2 and 3. Thea 
another conductive material including a resin bn^ens 
Tnted on the substrate 1. thereby forming a working 
electrode 4 so as to be in contact with the lead 2. 
6 Tntn-inLlatingpasteisprimedonthe 
50 thereby forming an insulating layer 6. The insulating 

fr ode4 so asto expose afixed area of the working elec- 
trode 4 As is shown in Figure 1, the insulating layer 6 
a£ covem part of the leads 2 and 3. Around the work- 
55 TS*e* is formed a ring-shaped counter elec- 
ZtIZ of a conductive material including a resin 
binder. The counter electrode 5 is in cortact wrttv the 
lead 3 In this manner, an electrode system 8 including 
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the working electrode 4 and the counter electrode 5 is 
formed on the substrate 1 . 

Alternatively, the present biosensor can comprise a 
three-electrode system formed on the substrate 1 
including a reference electrode (not shown) in addition 
to the working electrode 4 and the counter electrode 5, 
for the purpose of further stabilizing the measurement 
accuracy. 

A reaction layer is formed on the substrate 1 as fol- 
lows: 

An aqueous solution of the hydrophilic polymer is 
dropped and dried on the electrode system 8, thereby 
forming a hydrophilic polymer layer. Then, an aqueous 
solution including PyOx, and the electron acceptor 
and/or the polysaccharide hydrolase, if necessary, is is 
dropped and dried on the hydrophilic polymer layer. For 
repeated application of the present biosensor, the 
pyranose-oxidizing enzyme, and the polysaccharide 
hydrolase, if necessary, can be immobilized on the 
hydrophilic polymer layer through crosslinking with glu- 20 
taraldehyde or immobilized on the hydrophilic polymer 
layer together with a polymeric material such as nitro- 
cellulose, cellulose acetate, and pdyacrylonitrile. Fur- 
thermore, the electron acceptor can be chemically fixed 
on the hydrophilic polymer layer by using the polymeric 2s 
material, if necessary. Thus, a reaction layer 7 covering 
the entire electrode system 8 as shown in Figure 2 can 
be formed. 

Alternatively, the reaction layer can be disposed 
above the substrate 1 with a space therebetween. In 30 
this case, as is shown in Figure 3, the biosensor com- 
prises the substrate 1 and a cover 30 disposed above 
the substrate 1 with a spacer 20 sandwiched therebe- 
tween. The cover 30 includes a hole 31 and a reaction 
layer 37 formed on one surface thereof. The cover 30 is 35 
disposed above the substrate 1 so as to oppose the 
reaction layer 37 and the electrode system 8 to each 
other. Such a reaction layer 37 disposed above the sub- 
strate 1 with a space therebetween can be formed as 
described in, for example, Japanese Laid-Open Patent 40 
Publication No. 1-114747. In this type of biosensor, 
when a sample liquid supplied through a sample supply 
port 38 reaches the space between the reaction layer 
37 and the electrode system 8, the amount of hydrogen 
peroxide or a reduced form of the electron acceptor 45 
generated in the reaction layer 37 can be measured with 
the electrode system 8 as in the biosensor shown in Fig- 
ure 2. 

The present biosensor can be used for quantitating 
various kinds of substrates included in a biological sam- so 
pie such as whole Wood, plasma, serum, and urine, 
materials of the food industry and product thereof, for 
example fruit juice. When used fa measuring a blood 
glucose level of a patient in particular, the.present bio- 
sensor can serve as a disposable blood glucose sensor 55 
which can be easily used. 



Examples: 

Specific examples of the present biosensor will now 
be described. It is noted that the invention is not limited 
5 to these examples. In the drawings mentioned in each 
example, a common reference numeral is used to refer 
to a common element, and the description is partly omit- 
ted for the sake of simplification. 

Example 1: 

As an example of the present biosensor, a glucose 
sensor was manufactured as follows: 

As is shown in Figure 1 , silver paste was printed by 
screen printing on an electrically insulating substrate 1 
made of polyethylene terephthalate, thereby forming 
leads 2 and 3. Then, conductive carbon paste including 
a resin binder was printed on the substrate 1, thereby 
forming a working electrode 4, so as to be in contact 
with the lead 2. 

Next, insulating paste was printed on the substrate 
1, thereby forming an insulating layer 6. The insulating 
layer 6 covered the peripheral portion of the working 
electrode 4, so as to expose a fixed area of the working 
electrode 4. 

Then, conductive carbon paste including a resin 
binder was printed on the substrate 1 , thereby forming a 
ring-shaped counter electrode 5, so as to be in contact 
with the lead 3. 

An aqueous solution of 0.5% by weight CMC was 
dropped on the electrode system 8, that is, the working 
electrode 4 and the counter electrode 5, and dried, 
thereby forming a CMC layer. A mixed aqueous solution 
including PyOx and potassium ferricyanide was 
dropped and dried on the CMC layer, thereby forming a 
reaction layer 7. The contents of PyOx and potassium 
ferricyanide in the reaction layer 7 were 10 units and 1 .3 
mg per 1 cm 2 of the reaction layer, respectively. 

On the reaction layer 7 of the thus manufactured 
glucose sensor was dropped 90mg/dl of aqueous glu- 
cose solution as a sample liquid. After one minute, a 
voltage of +0.5 V on the basis of a voltage at the counter 
electrode 5 was applied to the working electrode 4 and 
a current value was measured 5 seconds after the volt- 
age application. In this manner, a response current 
value to the glucose solution was measured twelve 
times in total by using a fresh glucose sensor in each 
measurement. Fluctuation in the obtained response 
current values was small. 

Furthermore, response current values were meas- 
ured with regard to 180 mg/dl and 360 mg/dl of aqueous 
glucose solutions also twelve times, respectively in the 
same manner as described above. The thus obtained 
response values were found to be increased as the glu- 
cose concentration was increased, and the increase 
ratio was large. 

As a comparative example, a glucose sensor 
including glucose oxidase (EC1. 1.3.4; GOD) instead of 
PyOx was manufactured, and a response current value 
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was measured twelve times with regard to the glucose 
solutions having the above-mentioned conce^ons_ 
The obtained response current values were fluctuated 

the response current values werefound to be increased 
as the glucose concentration was increased, the 
increase ratio was small. 

Example 2 : 

As an example ot the present biosensor, a sucrose 
sensor was manufactured as follows: 

in the same manner as in Example 1 . leads 2 and 
3 an electrode system 8 (i.e.. a working electrode 4 and 
a counter electrode 5), and an insulating layer 6 were 
formed on an electrically insulating substrate 1 made of 
polyethylene terephthalate. Then, an aqueous i solution 
o7o 5% by weight CMC was dropped and dried on the 
electrode system 8, thereby forming a CMC layer. 

A mixed aqueous solution including PyOx, INV, and 
potassium ferricyanide was dropped and dried on the 
CMC layer, thereby forming a reaction layer 7. The con- 
tents of PyOx, INV. and potassium " the 
reaction layer 7 were 10 units. 40 unrts and 1 .3 mg per 
1 cm 2 of the reaction layer, respectively. 

When 171 mg/dl of aqueous sucrose solution as a 
sample liquid was dropped on the reaction layer 7 of the 
^manufactured sucrose sensor, the reaction layer 7 
was dissolved by the sample liquid. After 3 minutes a 
Se^.5Von^^ 
electrode 5 was applied to the working ******* "J 
a current value was measured 5 seconds after the volt- 
age application. 

Furthermore, response current values were meas- 
ured with regam to 342 mg/dl and 684 mg/dl of aqueous 
sucrose solutions by using a fresh sucrose sensor in 
each measurement in the same manner as described 

^The obtained response current values were found 
to be increased as the sucrose concentration was 
increased, and Ihe increase ratio was large. 

As comparative examples, a maltose sensor and a 
lactose sensor were manufactured in the same manner 
except that INV was replaced with maltose hydrolase 
and lactose hydrolase, respectively. These maltose and 
lactose sensors exhibited the same effect as descnbed 
above. 



and dried on the electrode system 8, thereby forming a 
CMC layer. 

A mixed aqueous solution including PyOx. GOD, 
and potassium ferricyanide was d^ *^ 
s the CMC layer, thereby forming a r«c^^The 
contents of PyOx. GOD, and potassium tencyanrie^ 
the reaction Iayer7 were 1 unit, 10 unrts. and 1.3 mg per 
1 cm 2 of the reaction layer, respectively. 

On the reaction layer 7 of the thus manufactured 
,o glucose sensor was dropped 90 mg/dl of aqueous ^u- 
Le solution as a sample lk,ukJ. After 1 m.nut*a vo*- 
age of 40.5 V on the basis of a voltage at the count* 
eiectmde 5 was applied to the working i**^ 4. and 
a current value was measured 5 seconds after the vort- 

' 5 a " SheCre, response current values '^re meas- 
ured with regard to 180 mg/dl and 360 n^dldaquwus 

glucose solutions by using a fresh glucose sensorjn 
each measurement in the same manner as described 
* above. The response characteristic between glucose 
concentrationsandresponsecurrentvalues«shown.n 

Figure 4 as a curve (a). 

As comparative examples, a glucose sensor not 
including PyOx and a glucose sensor not includjng 
25 GOD were respectively manufactured, and the 
response current values were measured .n the same 
manner as described above. The results are shown in 
Figure 4 as curves (b) and (c). 

As is shown in Figure 4. the glucose sensor includ- 
30 ing GOD alone as the enzyme (corresponding , te i curve 
(b) in Figure 4) exhibited the lowest response cunerrt 
values because the response current values depend 
UD on the concentration of only the p-glucose included in 
the sample liquid. In contrast, the glucose sensor 

curve (c) in Figure 4) exhibited higher current values 
than curve (b) especially when the glucose concert^ 
tion was low because the response current values 
depend upon the sum of Ihe concentrations of a-glu- 
«, cose and p-glucose included in the sample 

w er, the glucose sensor including PyOx alone as the 
enzyme exhibited lower current values than curve (b) 
when the glucose concentration was ' high _As a r« wrt. 
tt,e glucose sensor including both PyOx and GOD (c£ 
« resting to curve (a) in Figure 4) constantly exhibrted 
high response current values in the widest concentra- 
tion range. 



Fxamole 3 : 

As an example of the present biosensor, a glucose 
sensor was manufactured as follows: 

In the same manner as described in Example 1, 
,eads 2 and 3, an electrode system 8 (i.e. a working 
electrode 4 and a counter electrode 5), and an insulat- 
ing layer 6 were formed on an electrically insulating sub- 
strate 1 made of polyethylene terephthalate. Then, an 
aqueous solution of 0.5% by weight CMC was dropped 



50 



Example 4 : 

As an example of the present biosensor, a sucrose 
sensor was manufactured as follows: 

In the same manner as in Example 1 . leads 2 ana 
3. an electrode systems (i.e.. a working electrode 4 and 
55 a counter electrode 5), and an insulating layer 6 were 
formed on an electrically insulating substrate 1 made of 
polyethylene terephthalate. Then, an aqueous solution 
of 0 5% by weight CMC was dropped and dried on the 
electrode system 8, thereby forming a CMC layer. 
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A mixed aqueous solution including PyOx, GOD, 
INV, and potassium ferricyanide was dropped and dried 
on the CMC layer, thereby forming a reaction layer 7. 
The contents of PyOx, GOD, INV, and potassium ferri- 
cyanide in the reaction layer 7 were 1 unit, 10 units, 40 5 
units, and 1.3 mg per 1 cm 2 of the reaction layer 7, 
respectively. 

When 171 mg/dl of aqueous sucrose solution was 
dropped on the reaction layer 7 of the thus manufac- 
tured sucrose sensor, the reaction layer 7 was dissolved 10 
by the sample liquid. After 3 minutes, a voltage of +0.5 
V on the basis of a voltage at the counter electrode 5 
was applied to the working electrode 4, and a current 
value was measured 5 seconds after the voltage appli- 
cation. ~ ;5 

Furthermore, response current values were meas- 
ured with regard to 342 mg/dl and 684 mg/dl of aqueous 
sucrose solutions by using a fresh sucrose sensor in 
each measurement in the same manner as described 
above. 20 

The obtained response current values were found 
to be increased as the sucrose concentration was 
increased, and were constantly high in a wide range of 
the sucrose concentration. 

As a comparative example, a sucrose sensor was 25 
manufactured in the same manner as described above 
except that GOD was excluded from the reaction layer 
7, and response current values were similarly meas- 
ured. The obtained response current values were con- 
stantly lower than those obtained by the sucrose sensor 30 
including GOD. 

A maltose sensor and a lactose sensor manufac- 
tured by respectively using maltose hydrolase and lac- 
tose hydrolase instead of INV were found to exhibit the 
same effect as described above. 35 

Example 5 : 

A biosensor was manufactured in the same manner 
as in Examples 1 to 4 except that potassium ferricya- 40 
nide was not included in the reaction layer 7. Sample liq- 
uid having various substrate concentrations as in 
Examples 1 to 4 were respectively dropped on the elec- 
trode system of these biosensors. After a predeter- 
mined time, a voltage of +1 .0 V on the basis of a voltage 45 
at a counter electrode 5 was applied to a working elec- 
trode 4, and a current value was measured 5 seconds 
after the voltage application. 

The obtained response current values were found 
to be increased as the concentration of the substrate so 
was increased. 

Example 6 : 



of +0.5 V on the basis of a voltage at a counter electrode 
5 was applied to a working electrode 4, and a current 
value was measured 5 seconds after the voltage appli- 
cation. 

Furthermore, response current values were meas- 
ured with regard to whole Wood having glucose concen- 
trations of 170 mg/dl and 320 mg/dl by using a fresh 
glucose sensor in each measurement in the same man- 
ner as described above. The response characteristic 
between glucose concentrations and response current 
values is shown as a curve (a) in Figure 5. 

As comparative examples, a glucose sensor not 
including PyOx and a glucose sensor not including 
GOD were respectively manufactured, and response 
current values were measured in the same manner. The 
results are shown as curves (b) and (c) in Figure 5. 

As is shown in Figure 5, the glucose sensor includ- 
ing GOD alone as the enzyme (corresponding to curve 
(b) in Figure 5) exhibited the lowest response current 
values because the current values depend upon the 
concentration of only the p-glucose in the whole blood. 
In contrast, the glucose sensor including PyOx alone as 
the enzyme (corresponding to curve (c) in Figure 5) 
exhibited higher response current values than curve (b) 
because the current values depend upon the sum of the 
concentrations of a-glucose and p-glucose in the whole 
blood. As a result, the glucose sensor including both 
PyOx and GOD (corresponding to curve (a) in Figure 5) 
exhibited constantly high response current values in the 
widest range of the Wood glucose concentration. 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 

Claims 

1 . A biosensor comprising : 

an electrically insulating substrate; 

an electrode system formed on the substrate 
which includes a working electrode and a counter 
electrode; and 

a reaction layer formed on the substrate or 
above the substrate with a space therebetween, 

wherein the reaction layer includes a pyran- 
ose-oxidizing enzyme. 

2. A biosensor according to claim 1, wherein the 
pyranose-oxidizing enzyme is pyranose oxidase 
(EC1.1.3.10). 



A glucose sensor was manufactured in the same ss 3. A biosensor according to claim 1 , wherein the reac- 
manner asm Example 3. tion layer further includes glucose oxidase 

Whole Wood having a glucose concentration of 95 (EC1.1 .3.4). 

mg/dl was dropped as a sample liquid on a reaction 
layer 7 of this glucose sensor. After 1 minute, a voltage 
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16 A biosensor according to claim 15. wherein the 

4. Abiosensoraccordingtoclaim1,where.nthereac- 16. ^ glucose ^ase 

tion layer farther includes an electron acceptor. ^ ^ ^ 

5. Abiosensoraccordingtoclaim3.whereinthereac- Abiosensor according to daim 15. wherein the bio- 
tion layer further includes an electron acceptor. ■ fe ^ sengor 

6. A biosensor according to claim 4. wherein the elec- a biosensor according to claim 1 5, wherein the bio- 
tron acceptor is a ferricyanide ion. fe uged for meaS uring a blood glucose level. 

7 A biosensor according to claim 5, wherein the elec- >o 
tron acceptor is a ferricyanide ion. 

8 A biosensor according to claim 1 . wherein the i r eac- 
tton layer further includes a polysaccharide hydro- 
lase. 

9 A biosensor according to claim 8. wherein the 
" polysaccharide hydrolase is one selected from the 

Jroup consisting of sucrose hydrolase, mdtose 
hydrolase, and lactose hydrolase. 

10. Abiosensor according toclaiml.where^a^ert 
of the pyranose-oxidizing enzyme s 1 to about 200 
units per 1 cm 2 of the reaction layer. 

11. AWosensor acting to da^ 
of the pyranose-oxidizing enzyme is about 0.1 to 
about 200 units per 1 cm 2 of the reaction layer. 

12 A biosensor according to claim 6, wherein contents 
oTtrJpymnose-oxtoizW 
nide ton are 1 to about 200 unite and about 0.21 mg 
W about 3.30 mg, respectively per 1 cm of the 
reaction layer. 

1 3 . A biosensor according to claim 7, wherein contente 
ol the pyranose-oxidizing enzyme, the glucose oxi- 
dase, and the fenicyanide ion are about Ojto 
about 200 units. 1 to about 200 units, and about 
0.21 mg to about 3.30 mg. respectively per 1 cm of « 
the reaction layer. 

14. A biosensor according to daim l^herein the bto- 
sensorisusedformeasuringabloodglucoselevel. ^ 

15. Abiosensor for quantitatingasubst^teind^in 
a sample liquid by reducing an electron acceptor 
iithVn electron generated through an enzyme 
Action of the substrate and electrochem.ca«y 
measuring an amount of a reduced form of the 
electron acceptor, comprising: 

an electrically insulating substrate: 
an electrode system formed on the substrate 
and including a working electrode and a counter 
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a reaction layer formed on the substrate or 
above the substrate with a space therebetween, 

wherein the reaction layer includes a pyran- 
ose-oxtoizing enzyme and the electron acceptor. 
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